Carmen reis. Genealogical relations and lexical distances within the tupí linguistic family: a lexicostatistical and phylogenetic approach. Boletim do Museu Paraense Emílio Goeldi. Ciências Humanas, v. 10, n. 2, p. 229-274, maioago. 2015 Abstract: in this paper we present the first results of the application of computational methods, inspired by the ideas in McMahon & McMahon (2005), to a dataset collected from languages of every branch of the tupian family (including all living non-tupí-Guaraní languages) in order to produce a classification of the family based on lexical distance. We used both a swadesh list (with historically stabler terms) and a list of animal and plant names for results comparison. in addition, we also selected more (HiHi) and less (LoLo) stable terms from the swadesh list to form sublists for indepedent treatment. We compared the resulting neighbornet networks and neighbor-joining cladograms and drew conclusions about their significance for the current understanding of the classification of tupian languages. one important result is the lack of support for the currently discussed idea of an Eastern-Western division within tupí.
1 the permanent members of the initial tupí Comparative Project are Ana Vilacy Galucio for the Puruborá and tuparí branches; Carmen rodrigues for the Jurúna branch; denny Moore for the Mondé branch; Gessiane Picanço for the Mundurukú branch; Luciana storto for the Arikém branch; nilson Gabas Jr. for the ramaráma branch; sebastian drude for the Awetí branch; and sérgio Meira for the Mawé and tupí-Guaraní branches. other members that have collaborated with specific languages include didier demolin and fernanda nogueira for Wayoró, and Mariana Lacerda for suruí of rondônia. 2 the dotted lines under the tupí-Guaraní node indicate that the complete list of languages does not fit into the reserved space in the diagram, and that we regard the validity of the differing classifications of its branches as still unresolved. five of the ten tupian branches (Arikém, Mondé, ramaráma, Puruborá, and tuparí) are spoken exclusively in the area corresponding to the current state of rondônia (Brazil), in a region that has been proposed as the original homeland of the tupian languages and peoples due to the great time depth of tupian ethnolinguistic diversity there (Métraux, 1928; rodrigues, 1964; see also Wichmann; Müller; Velupillai., 2010, p. 258) 3 . the other five branches are spread across different regions 4 . tupí-Guaraní is spoken in many parts of Brazil and some of its adjacent countries, while the other four are limited to distinct areas in Brazil: Awetí in the Parque indígena do Xingu (state of Mato Grosso), Mawé in the lower tapajós and Madeira rivers (Amazonas state), Jurúna (Jurúna branch) in the Parque indígena do Xingu, Xipáya (Jurúna branch), traditionally spoken along the Xingu river, persists in the city of Altamira in the state of Pará, and Mundurukú in the middle tapajós and Madeira rivers (in the states of Pará and Amazonas). Kuruáya, the second language in the Mundurukú branch, traditionally localized in the region of the Xingu river, was spoken in recent years in the city of Altamira by only three remaining elders, who have since passed away. this paper presents the result of a first collaborative lexicostatistical and phylogenetic analysis applied to the entire tupian family. the current trend in computational phylogenetics favors the so-called (Bayesian) character-based evolutionary methods (dunn, 2015) , which have been highly successful in the investigation of linguistic relatedness (cf. Gray; Atkinson, 2003; Gray; drummond; Greenhill, 2009; Walker; ribeiro, 2011; Birchall; dunn; Greenhill, to appear) . this study follows an earlier distance-based methodology as outlined in McMahon, A.; McMahon, r. (2005) with some modifications. While distance-based methods have been gradually replaced with character-based ones in computational historical linguistics, given that statistical methods are relatively new to the field of Amazonian languages, it seemed interesting to us to start with one of the most familiar assumptions, namely that lexical distance between basic vocabulary items among related languages is an accurate approximation of phylogenetic relations. in subsequent papers, we will apply character-based methods in the hope that a comparison of their results with those of the distance-based methods and with the results of ongoing traditional historical-comparative studies on tupian languages would not only shed more light onto and produce further insights into the history and classification of the tupian family, but also provide further material for the (currently ongoing) discussion and comparison of the phylogenetic methods themselves.
We report here the first results and conclusions from the application of this methodology to data from all of the 17 currently spoken languages (plus two additional dialects) that constitute the nine tupian branches outside of tupí-Guaraní, including first-hand data for Akuntsú, Kuruáya, Puruborá and salamãy, plus four tupí-Guaranian languages. these results include (a) a classification of the whole family, (b) specific classifications of the more diverse branches (tuparí, Mondé, Mawetí-Guaraní), and (c) conclusions on the differences observed with different (sub)sets of words (tupí-HiHi vs. tupí-LoLo sublists, animal and plant names vs. swadesh list) are used as the input for our statistical analyses. in addition to contributing to ongoing discussions on the classification and history of tupian languages, our results also suggest that the use of semantically-based sets of words is a strategy worth investigating, which we intend to do in future work.
DATA AND METHoDS this study followed the methodology outlined in McMahon. A.; McMahon, r. (2005) , with a few modifications discussed below. first, a sample of 23 tupí languages was chosen, consisting of four tupí-Guaraní languages and 19 varieties from the other tupian branches: the 17 existing non-tupí-Guaraní languages, plus three dialects of the same language (Zoró, Aruá and Gavião are mutually intelligible). in the cases of Akuntsú, Kuruáya, Puruborá and salamãy, first-hand unpublished data was used (see the Appendix). the tupí-Guaraní branch was represented by only four languages (Urubú-Ka'apór, Paraguayan Guaraní, tapirapé, and Parintintín) because, even though the internal classification of this branch has not reached consensus among specialists (cf. Mello, 2000 (cf. Mello, , 2002 rodrigues; Cabral, 2002; schleicher, 1998) , it is a well-established branch. the tupí-Guaraní, languages are so closely related to each other to the point that one may wonder whether many of them are languages or actually dialects of each other. thus, even if there is a possibility on the contrary, we assumed that tupí-Guaraní languages would not significantly influence the classification of other, much less closely related, tupian languages 5 . A list of 100 diagnostic meanings, considered to be more stable over time and less subject to cultural influences (the swadesh list, as given in McMahon, A.; McMahon, r. (2005) , originally proposed in swadesh (1955) , with a few minor adaptations; e.g., since there usually are two first person plural pronouns, swadesh's third item, we, was changed to weInclusive), was compiled for these languages from the available sources for the tupí-Guaraní languages (Almeida et al., 1983; Betts, 1981; Cadogan, 1992; dooley, 1998; Guasch; ortiz, 1996; Kakumasu, J.; Kakumasu, K., 2007; Lopes, 2009; Praça, 2007) and field data collected by the authors (all the other languages). A similar list of 90 plant and animal names was also collected 5 in addition, there already is a more in-depth study of tupí-Guaraní interrelations with phylogenetic (Bayesian) methods (Michael et al., to appear) . 6 We thank Love Eriksen for the map. Map 1. Geographic distribution of languages represented in this study 6 . for comparative analysis with the results from the swadesh list (see further details below). inevitably, there were gaps due to missing words in the available data. the number of attested words per language in the sample is indicated in table 1; the word lists and our cognacy judgments are given in the Appendix (swadesh list in Appendix 1, plant and animal names in Appendix 2).
the cognacy judgments reflect our consensus opinion for each set of words having the same translation, which we divided into subsets consisting only of (to the best of our judgment) cognate words. for instance, the words for 'i' (listed in Appendix 1) were sorted out into three sets, one containing cognate words probably reconstructable as *on (perhaps *o-en) for Proto-tupian, a second one with cognate words that suggest a form *uito, reconstructable at most for Proto-Mawetí-Guaraní, and a third one with reflexes of a form *iʃe at the Proto-tupí-Guaraní level. for each pair of languages, the number of shared cognates was determined. Because of the gaps, the results were normalized to a 0-100 percentage scale 7 . this normalization has some consequences 8 . the results are given in table 5 (sec. 3 below). for each meaning in the swadesh list, a letter (A, B, C...) was assigned to each cognate set found in this meaning for each sampled language, as illustrated in table 2. Languages that share a cognate for the same meaning are assigned the same letter for that meaning. for example, the letter C in the first meaning ('i') Urubú-kA'APór 097 084 7 for instance, suppose that, for two languages L 1 and L 2 , respectively 90 and 80 meanings of the swadesh list were found in the available data, and that only 75 of these were the same meanings in both languages; furthermore, suppose that, of these 75 pairs of synonymous words, only 60 pairs consisted of cognate words, in the authors' judgment. in this case, the percentage of shared cognates between languages L 1 and L 2 would be 60/75 = .8 or 80%, which would be shown in table 5 as 080. 8 the normalization assumes that the missing items would have the same average cognacy rate as the known items, which is not necessarily the case. in fact, the languages with gaps of 8% or more and a small number of speakers have greater-than-average cognacy rates with languages outside of their branches (Akuntsú 37.8%, Kuruáya 35.2%, salamãy 32.8%; Puruborá, with 30.4%, is the only one not above the average). for a possible explanation, see the final paragraph in the section similarity (shared cognates) matrix. calculated distance (similarity) matrices on the basis of percentage of shared cognates, like table 5 below, and then computed the equivalent diagrams. network diagrams were produced with the neighbornet algorithm (Bryant; Moulton, 2004) , with the Variance parameter set to ordinary Least squares. since not all lexical evidence will point towards a single classification, the neighbornet visualizations display the conflicting evidence ('conflicting phylogenetic signal') in the diagram through reticulations in the network. these reticulations help to visualize the 'tree-likeness' of the dataset and can result from gaps in the data and undetected borrowings, either between related or unrelated languages. this degree of conflicting signal can be quantified using a number of statistics, such as the δ-score (Holland et al., 2002) .
Unrooted tree diagrams were computed using the neighbor-joining algorithm (saitou; nei, 1987) . Confidence estimates for every node were calculated on the unrooted tree via bootstrapping with 10,000 runs (i.e., 10,000 resamplings with replacement, yielding 10,000 trees; the confidence of every node in the optimal tree is the percentage of resampled trees where the node in question is present), as described in Kessler (2001) . the unrooted trees were rooted via midpoint rooting since no clear outgroup could be identified.
since the rate of change is not constant across meanings even in basic vocabulary -certain items are more prone to change than others -we followed McMahon, A.; McMahon, r.'s (2005, p. 105) suggestion of compiling, within the larger swadesh list, separate sublists of items that were more, or less, stable in time. on the basis of earlier work by Lohr (1999); starostin (2000; see also Baxter; ramer, 1996), McMahon; McMahon (2005) set up two sublists, termed 'HiHi' and 'LoLo', with meanings that had been shown to have high reconstructibility (they had been reconstructed for at least three of the four proto-languages considered by Lohr) as well as high retentiveness (they had been replaced by other terms at most three times in Lohr's data). When compared to the tupian data, however, these lists were clearly not suitable: many stable meanings in the 'HiHi' list, which had at most three replacements in Lohr's data, had eight or more cognate sets in tupian, thus indicating at least seven replacements (e.g., 'two', 'long', 'night', 'star', 'stand'). it remains to be seen whether other language families would also disagree with Lohr's list of meanings for high retentiveness and reconstructibility. if tupian turns out not to be anomalous in this respect, then Lohr's (and McMahon's) hopes of possible cross-linguistic validity for their lists should be reexamined 9 . to further examine stability in the tupian data set, we compiled two lexical sublists, one with the most retentive meanings (those with four or fewer cognate sets, reflecting at most three replacements) 10 and one with the least retentive Lohr's (1999) and starostin's (2000) meaning lists probably stems from the fact that they were applied to indo-European, which was one of the language families in both Lohr's and starostin's databases, so that the meanings in question were indeed guaranteed to have high retentiveness and reconstructibility. 10 the meaning 'sun' has five cognate sets, but because of what appears to be a mistake in the original tapirapé source: the word is elsewhere attested as meaning 'day'. Because of this, 'sun' is here included in the tupí-HiHi list.
meanings (those with at least nine cognate sets, reflecting at least eight replacements). to assess reconstructibility, the more retentive words were further inspected: those which, on the basis of our current knowledge of the family, seemed not to be reconstructable to Proto-tupí were eliminated. the resulting lists, termed 'tupí-HiHi' and 'tupí-LoLo', are given in tables 3 and 4. ; 'other' is usually a word with more meanings besides 'other'; and, some terms ('night', 'star', 'day') tend to be related to or derived from others ('dark', 'moon', 'sun', respectively), often in various ways, depending on the language, which lowers their degree of retentiveness. to avoid these difficulties, we decided to adopt the tupí-HiHi and tupí-LoLo meanings (tables 3 and 4) instead of those listed by McMahon; McMahon (2005) 12 . new matrices were then prepared for the tupí-HiHi and and tupí-LoLo sublists, from which networks and cladograms with confidence estimates were produced for comparison with those resulting from the whole swadesh list (1955) 13 . finally, a final list of words was compiled that consists of 90 names of animals and plants (listed in Appendix 2), where we expected to see the effects of borrowing more clearly. due to insufficient data, the Paraguayan dialect of Guaraní was replaced by the Mbyá dialect, and tapirapé was excluded from the set, reducing the total of language varieties taken into account to 22. the same procedure used for the swadesh list, and the tupí-HiHi and tupí-LoLo sublists was again applied to the list of plants and animals, yielding more networks and trees (cladograms) for comparison.
RESULTS AND DiSCUSSioN
SiMiLARiTY (SHARED CoGNATES) MATRiX the lexical distance among each pair of languages in the sample is shown in the matrix consisting of percentages of pairwise shared cognates (table 5), on the basis of which the first classification of the tupian family, with data from all non-tupí-Guaranian languages of the other nine branches of the family (including previously unavailable data on Akuntsú, Kuruáya, Puruborá and salamãy), can be proposed.
A heavy, year, bird, near, smooth, wing, man, neck, tail, to walk, back, to flow, left (hand) , to pull, to push, river, rope, straight, to think, to throw. 13 Holman et al,. (2008) have also published a list of meanings ranked by stability, based on a large (800+) sample of languages. there is a high degree of corelation between Holman's list and ours (preliminary results based on a suggestion by one of the referees to this paper show a spearmann rank corelation of -0.50 with p < 0.0000001, without any radical outliers visible on a plot of Holman ranks vs. meanings), which means that our choice to use a tupí-internal stability ranking is not expected to produce significantly different results from an analysis based on Holman's rankings. We hope to investigate, in future studies, the idea of a universal stability ranking and to examine possible family-specific ranking deviations for particular meanings. 14 Cinta-Larga, another dialect, was not included in the sample. 15 Another classification proposal by Anonby (2012) is not supported by the results from analysis put forth here. as dialects of one language. the proximity of salamãy to these three languages may be an effect of the large gap -16 missing items-in salamãy data, as well as the ongoing obsolescence of this language. in this data set, suruí (70%-75%) stands out as the most divergent language in the Mondé branch 15 . in the tuparí case, Mekéns and Akuntsú show similarly high percentages (82% shared cognates), which is not surprising if one takes into account that they are mutually intelligible and show very close phonological and morphological resemblances. in a brief paper on the classification of Akuntsú, Gabas Júnior (2005) left its status as a distinct language unresolved; the data set analyzed 16 the tupí-Guaranian languages in the sample were taken from different subgroups, both in Mello´s (2000) and inrodrigues; Cabral´s (2002) classifications, and are almost as far away from each other as is possible to be within this branch. it would be interesting to see how many languages within each tupí-Guaraní sub-branch would turn out to be better described as (co-)dialects if their percentage of shared cognates, their overall phonological and grammatical similarity, and their level of mutual intelligibility were compared. 17 one outstanding case is the 47% value found for Mawé and Akuntsú (tuparí branch); but it is probably due, at least in part, to the gaps in the Akuntsú data (see table 1 ).
here suggests that Akuntsú and Mekéns are co-dialects of a single language. the other three languages are more lexically distant (45% to 72% shared cognates), Makuráp being the most divergent of the five. outside of rondônia, the languages of the tupí-Guaraní, Mundurukú and Jurúna branches all show percentages of more than 70% of shared cognates with the other languages of their respective branches. the highest rate, 78%, is found between the two Jurúna languages, Jurúna and Xipáya. Mundurukú and Kuruáya share 73% of their cognates, and the four tupí-Guaraní languages in the sample show a rate of 71-76%
16 . the closer relation between tupí-Guaraní, Awetí, and Mawé is also very clear in table 5, giving further support to the hypothesis of a Mawetí-Guaraní branch (Corrêa da silva, 2007 (Corrêa da silva, , 2010 drude, 2006; rodrigues, 1984/85; rodrigues; dietrich, 1997; Walker et al., 2012) . A stepwise discontinuity can be observed in table 5: starting with shared cognate percentages of 71%-76% among tupí-Guaraní languages, there is a drop to 55%-62% with Awetí, a further drop to 47%-53% with Mawé, and a further drop to 22%-41% when one moves to the other tupian branches 17 . such clearcut borders support the idea of a Mawetí-Guaraní branch, with the structure seen in figure 1 above.
As a general effect, the results in table 5 show the languages with few speakers (Akuntsú, Kuruáya, Puruborá, salamãy, Xipáya) with systematically higher cognacy percentage than their closest related languages. due to the situation of obsolescence of these languages, their respective word lists are less complete. the tendency in such cases is for semi-speakers and 'rememberers' to recall names of animals and other concrete items. it is highly probable that the forgotten meanings, for instance, 'today', 'there', 'four', involve items that are less likely to be cognates, leaving the more probable cognates in the recorded word list. note that the semi-speakers usually know at least one other local tupian language, which would make it more likely for cognate words not to be forgotten.
the network shows a low degree of reticulation, with a mean δ-score of 0.233 (s.d. ± 0.04). this suggests that there is a low degree of undetected borrowings in the dataset and that there are clearly identifiable branches within the network. in comparison, Gray et al. (2010) calculate the same statistic for other major language families of the world and find that indo-European, which they consider to be highly tree-like and are using confident data based on centuries of etymological work, shows a δ-score of 0.22, while the Polynesian languages, which they consider highly reticulate, shows a δ-score of 0.41. in the tupian dataset, the languages with δ-scores higher than the first standard derivation, which are the languages that contributed the most conflicting evidence to the tree-likeness of the dataset, are Kuruáya, Puruborá, Káro and Karitiána, with δ-scores of 0.288, 0.280, 0.311, and 0.313, respectively.
RELATEDNESS NETWoRKS AND TREES

100-word Swadesh list
the shared cognate (similarity) matrix in table 5 corresponds to the network in figure 2, where the lexical distance between languages and the internal structure of each branch can be visualized.
the distance and ramifications of the branches, as shown in figure 2, confirm the classifications based on the traditional comparative method (Corrêa da silva, 2010; fargetti; rodrigues, 2008; Galucio; nogueira, 2012; Meira; drude, this volume; Moore; Galucio, 1994; Moore, 2005; Picanço, 2005; rodrigues, 1984/85) .
the above results clearly support the higher-order branches in figure 1. in one case, the support is barely significant: the ramaráma-Puruborá branch (Káro and Puruborá languages), barely visible in figure 2. the cladogram in figure 3 evaluates its confidence as 71.9 (i.e., a Káro-Puruborá node occurred in 71.9% of the 10,000 resampling trees generated via bootstrapping) 18 ; in comparison, the confidence of all other higher-order branches (Mondé, tuparí, Mundurukú, Jurúna, Mawetí-Guaraní) is above 99%. Káro-Puruborá, or ramaráma-Puruborá, proposed by Galucio; Gabas Júnior (2002), does find some support here, albeit with a relatively low confidence level. Also note that Káro-Puruborá is placed as the closest relative to Mondé, albeit with very low confidence level (40.6%), which coincides with a proposal put forth in rodrigues (2005) for a subgrouping containing these three branches on the basis of the merger of *a and *o in these languages.
the Mawetí-Guaraní branch (Corrêa da silva, 2010; drude, 2006; Meira; drude, this volume; rodrigues, 1984/85; rodrigues; dietrich, 1997) is clearly identified in figure 3, with an internal structure as was shown in figure 1: Proto-tupí-Guaraní (99.7% confidence) forms a higher-order branch with Awetí ("Awetí-Guaraní"; 99.0%), which then forms another higher-order branch with Mawé ("Mawetí-Guaraní"; 99.6%). figures 2 and 3 also confirm the proposed internal classification of the Mondé (Moore, 2005) and tuparí (Galucio; nogueira, 2012) branches, originally based on phonological and morphological innovations and on mutual intelligibility. Within Mondé, Gavião and Zoró, closely related dialects, clearly form a subgroup (confidence 84.2%), to which Aruá and salamãy are further added (confidence 83.8%). A subgroup including Aruá and Gavião-Zoró appears with confidence 60.9%, which, though suggestive, is still low and ultimately inconclusive 20 ; salamãy, Aruá and Gavião-Zoró are probably best seen as co-dialects at the same level. suruí is the last to join the Mondé branch, and probably the only variety different enough to be a separate language rather than a co-dialect of Gavião-Zoró-Aruá. the results are also different in some respects from the classification in Walker et al. (2012) , generated by applying the AsJP method based on normalized edit distances to a 40-word vocabulary lists. they place salamãy, called Mondé in their paper, as the most divergent language inside the Mondé branch, probably due to lack of more accurate data in this specific case. in the same vein, our results do not support their classification of ramaráma as closer to tuparí than to the Mondé branch.
in the tuparí branch, the closer relation between Akuntsú and Mekéns is evident in figures 2 and 3 (94.2% confidence), as is also the slightly less close relation between tuparí and Wayoró (83.7% confidence). Mekéns-Akuntsú and tuparí-Wayoró then join (99.1% confidence); Makuráp is the last to join, forming the tuparí branch (99.9% confidence).
Attempts at producing higher-order branches by joining some of the aforementioned branches must be regarded as not supported by figures 2 and 3. Even though the reticulation would tend to suggest connections, and the tree algorithm did select a higher-order branching hierarchy, the confidence values are so low (in the 28.1%-43.3% range) that these solutions must be unstable, dependent on small changes in cognacy judgment or even on the selection of different algorithms or parameter settings. suggest that such shifts in relative position are good indicators of contact-induced borrowings. the differences are small and need to be examined in more detail, but the results would tentatively suggest that Karitiána may have borrowed from other branches so as to become more similar to the other rondônian languages (i.e., moving away from Mawetí-Guaraní). the Karitiána have borrowed multiple cultural traits, probably from long term contact with a group that did not belong to the tupian family, such as a skull deformation apparatus, a horizontal mortar made of a carved tree trunk used with a rectangular stone for grinding corn and the tradition of eating corn porridge. for Jurúna-Xipáya, the situation is the opposite of that of Karitiána: in figure 4 (tupí-HiHi), Jurúna-Xipáya appears closer to Mawetí-Guaraní (more so than in figure 2), while in figure 5 (tupí-LoLo) it flips to the other side, ending up between Káro and Puruborá. this suggests (again tentatively) that Jurúna-Xipáya was originally closer to Mawetí-Guaraní and may have borrowed from other branches in past contacts. A possible connection between Jurúna-Xipáya and Mawetí-Guaraní (both members of a putative Eastern tupian branch) has already been suggested (rodrigues; Cabral, 2012) .
Tupí-HiHi and
the basic structure of the subclassification of Mondé (Gavião-Zoró-Aruá-salamãy vs. suruí) is maintained, with salamãy looking a little more distant from Gavião-Zoró-Aruá in figure 5 (tupí-LoLo list) and a little closer in figure 4 (tupí-HiHi). in tuparí, on the other hand, there are more important differences: though the more distant relation of Makuráp to the rest of the branch remains visible, the close relationship between Akuntsú and Mekéns is clearer in figure 5 (tupí-LoLo) than in figure 4 (tupí-HiHi), where it would seem Akuntsú is at least as close (maybe even closer) to Wayoró-tuparí as it is to Mekéns. this would tentatively suggest borrowing contacts between Akuntsú and Mekéns. 22 note that, as said before, tapirapé was eliminated and Paraguayan Guaraní was replaced with Mbyá Guaraní, due to insufficient information in the available sources. 
90-word plant and animal list
turning now to the list of plant and animal names (see Appendix 2), which in principle should contain words that are less time-stable and more prone to borrowing and other areal influences, we find the results shown in the diagrams in figures 6 and 7 below 22 . the first observation concerns the large Mawetí-Guaraní branch. While the branch as a whole and the tupí-Guaraní subbranch remain just as robust as before (for Mawetí-Guaraní, 99.6% confidence in figure 3, now 99.8% in figure 7 ; for tupí-Guaraní, 99.7% and 99.4% respectively), the Awetí-Guaraní subbranch is much less clearly visible in figure 6 than it is in figures 2, 4, and 5; the corresponding confidence drops from 99.0% in figure 3 (swadesh list) to 65.7% in figure 7 (plants and animals). in other words, Mawé appears to be much closer to Awetí-Guaraní, to the point that the latter group does not appear clearly attested on the basis of the list of animals and plants, as it does on the basis of the swadesh list. this suggests that Mawé may have borrowed words from other Awetí-Guaraní languages, which is indeed confirmed by historical records: Mawé was for a long time in contact with nheengatu, a lingua franca descended from the tupí-Guaraní language tupinamba, and has many borrowings from it (see Corrêa da silva, 2007 Corrêa da silva, , 2010 .
turning to the ramaráma-Puruborá (Káro-Puruborá) subbranch, we see an increase from the barely significant confidence based on swadesh list data (71.9% in figure 3) to a more comfortable level (84.6%) with plant and animal names. furthermore, in the tuparí branch, we see that Wayoró, which formed a subbranch with the tuparí language in figure 3 (83.7% confidence), now forms a subbranch with Makuráp (58.7%). such 'jumping around' again exemplifies what McMahon; McMahon (2005) consider an indicator of possible undetected borrowings in the dataset it is also possible that the results reflect the current situation of advanced linguistic obsolescence for Puruborá and Wayoró. Puruborá is only spoken by a couple of 'rememberers', while Wayoró is spoken by a few individuals who do not normally use it and have not done so for a long time. At least in the Wayoró case, speakers are in close contact with Makuráp, from which they may have made impromptu borrowings.
Another interesting fact is the presence of a higher subgrouping comprising all rondônian branches when considering the list of plant and animal names. this subgrouping is clearly visible in figure 6 and shows 90.3% confidence in figure 7. this suggests a higher level of borrowing, perhaps even areal effects, between rondônian languages, at least in the domain of plants and animals. in his study of isolates in rondônia, Voort (2005) noted considerable diffusion of animal names. SUMMARY the lexicostatistical classification derived through the analysis of a complete 100-item swadesh list for all tupian languages of the nine branches outside tupí-Guaraní provides a considerable body of evidence that confirms the classification proposals based on the traditional Comparative Method and other methods of historical linguistics. the results discussed here support the proposed higher Mawetí-Guaraní branch, and while not conclusive, the results also provide marginal support for the putative ramaráma-Puruborá (Káro-Puruborá) branch. the internal classification of the two most largely diversified branches after tupí-Guaraní, Mondé and tuparí, is a great contribution to the discussion of the internal structure of the tupian family. for instance, one interesting observation regarding the internal classification of the tuparí branch is that while Makuráp appears as the more lexically divergent language, it is also the language more deeply involved with situations of borrowing, both with tupian and non-tupian languages of the rondônia region.
the hypothesis of a large grouping uniting all of the non-tupí-Guaraní tupian languages spoken in rondônia ('Western tupian') as a viable branch in the classification of the family is not supported here. our analysis of plant and animal terms, which are most likely to be borrowed, suggests that apparent similarities between the 'Western' languages may be a result of undetected borrowings either among the rondônian tupian languages or between them and their non-related neighbors (cf. Crevels; Voort, 2008) . in addition, our analysis of lexical distance of basic vocabulary has revealed that there is a low degree of reticulation in the current dataset. this suggests that the tupian expansion was essentially tree-like, and thus probably marked by multiple periods of distinct migrations (or by political separation of peoples when these were in the same region), producing the different branches. these migrations were then followed by periods of relative demographic separation, resulting in the diversification of the respective branches and possible instances of social interaction with neighboring ethnolinguistic groups. such a hypothesis can be further developed through collaboration with researchers in related disciplines concerned with human prehistory.
CorrÊA dA siLVA, Beatriz C. Mais fundamentos para a hipótese de rodrigues (1984/1985) GUAsCH, Antonio; ortiZ, diego. Diccionario Castellano-Guaraní, Guaraní-Castellano, 13th ed. Asunción: Centro de Estudios Paraguayos "Antonio Guasch" (CEPAG), 1996.
HoLLAnd, Barbara r.; HUBEr, Katharina t.; drEss, Andreas; MoULton, Vincent. δ Plots: A tool for analyzing phylogenetic distance data. Molecular Biology and Evolution, v. 19, n. 12, p. 2051 Evolution, v. 19, n. 12, p. -2059 Evolution, v. 19, n. 12, p. . 2002 APPENDiX 1: SWADESH'S 100-WoRD LiST the meaning, with its number in the list, is given in boldface capitals. the specific words, retranscribed from their original sources with iPA symbols (note that acute and grave accents mark tone, not stress, and that long vowels are represented by sequences of identical vowels: aa, oo, etc.; a dot, used only when necessary, marks a syllable boundary), are presented under the meaning, in italics, preceded by a two-letter abbreviation indicating the source language. initial hyphens (indicating that the word takes a prefix) are copied from the original sources. Words assumed to be cognate (fully or partially) are listed sequentially, separated by commas, forming a cognate set; the end of a cognate set is indicated by two vertical strokes (||). if for a given meaning a language has variants or synonyms, they are indicated after the language abbreviation, separated by commas; if a word has conditioned alternants, these are separated by a tilde (~). A segment enclosed in parenthesis is not always pronounced. for each meaning, cognate sets are presented in order of decreasing size. Missing words are marked by question marks after the language abbreviation, at the end, after all cognate sets.
Given the incipent stage of knowledge about Proto-tupí and its historical development, our cognacy judgments in this paper are preliminary, based on our experience with the languages and with our current hypotheses about their sound changes; some of them will probably change in the future. Methodologically, we decided to err on the side of inclusiveness: if only part of a word is cognate (p.ex., Portuguese nós and the first syllable of spanish nosotros, both meaning 'we'), we still counted it as a full cognate.
Language abbreviations: Ak = Akuntsú, Ar = Aruá, Aw = Awetí, Gv = Gavião, Ju = Jurúna, Ka = Káro, Kt = Karitiána, Ku = Kuruáya, Ma = Makuráp, Me = Mekéns, Mu = Mundurukú, Mw = Mawé, Pg = Paraguayan Guaraní, Pt = Parintintín, Pu = Puruborá, sa = salamãy, su = suruí, ta = tapirapé, tu = tuparí, Uk = Urubú-Ka'apór, Wa = Wayoró, Xi = Xipáya, Zo = Zoró 
001-i
Pg nd(V)--i, ta n(ã)--i, Pt n(d)--i, Mw ɨ(ɨ)t ʔi || Xi -aũ, -ma, Ju -aũ,
